DOCUMENT RESUKE 

ED 360 530 CE 064 303 



AUTHOR Wallace, Johnny M. ; Stewart, Grover 

TITLE Mathematics for the Workplace* Applications from 

Machine Tool Technology (Michelin Tire Corporation). 

A Teacher * s Guide. 
INSTITUTION Partnership for Academic and Career Education, 

Pendleton, SC. 

SPONS AGENCY Fund for the Improvement of Postsecondary Education 
(ED), Washington, DC.; South Carolina State Dept. of 
Educati on , Columbia. Of f i ce of Vocati onal 
Education. 
Sep 91 

39p.; For other teacher's guides in this series, see 
CE 064 301-307. 

Guides - Classroom Use - Teaching Guides (For 
Teacher) (052) 

MF01/PC02 Plus Postage. 

'"'Career Development; Career Education; '^Education 
Work Relationship; Job Skills; ^Machine Tool 
Operators; Manufacturing Industry; ^Mathematical 
Applications ; '''Mathematics Instruction; Occupational 
Information; Postsecondary Education; Skill 
Development; Teaching Guides 

This module presents a real-world context in which 
mathematics skills (geometry and trigonometry) are used as part of a 
daily routine. The context is the machine tool technology field, and 
the module aims to help students develop the ability to analyze 
diagrams in order to make mathematical computations. The modules, 
which features applications from the Michelin Corporation, is 
designed for inclusion in a tech prep curriculum. Materials in the 
module, most of which are designed for the teacher to duplicate and 
distribute to students, include the following: (1) information on 
careers in the field of machine tool technology and about the 
Michel in Corporat i on ; (2) an int roduc t i on to the 1 ess on; (3) 2. task 
to be performed and information sheets necessary to complete the 
task; (4) related problems; (5) an answer key; and (6) appendixes 
containing sample job ads for machining tool technologists and career 
information about machinists, machine operators, and mechanical and 
electronics technicians employed by Michelin. (KC) 



PUB DATE 
NOTE 

PUB TYPE 



EDRS PRICE 
DESCRIPTORS 



ABSTRACT 



Reproductions supplied by EDRS are the best that can be made -' 
from the original document. ^ 



o 

CO 
lA 

O 
« 

O 

Hi 



MATHEMATICS 
FOR THE WORKPLACE 




APPLICATiONS FROM 
MACHINE TOOL TECHNOLOGY 

(MICHELIN TIRE CORPORATION) 

A TEACHER'S GUIDE 



Developed by: 
Mr. Johnny M. Wallace and 

Associate Dirtctor / Curriculum Doveloper 
Partnership icr Academic and Career 
Education 



U S 06PA»rrMtNTOF EDUCATION 
Of**' t of f <3uC.«l'On«- Rosea rf^ t^r^ 'npir* 'xr 

EOUCATlONAl RLSOliPCei> .NKjHMATiON 
^, CENTER (ERlC> 

In <3ocum«ni has t>«e'> 'epfixJi»cert a$ 
or ginating •< 

i r Minof Changes live oefio r^ade ir <mpfOve 

renrOdoCliO" Quai'ly 

• Points of view Of opinions sUted in IhiS docu 
m«nt do ^ot necessarily represent officia* 
OER< position Of policy 



Mr. Grover Stewart 

Human Resources Manager 
Michelin Tire Corporation 



3 

V) 

ERIC 



(September, 1991) 



Partnership for Academic and Career Education (PACE) 

P. O. Box 587 
Pendleton, SC 29670 
(803-648-8361, ext. 2247) 



2 



The PACE office wishes to express special thanks to the following individuals for their 
contributions to this module: 

Kathleen McAlhaney, Mathematics Instructor, Pendleton High School 

Anita Turlington, English Instructor, Tri-County Technical College 

Curt McKinney, Department Head, Machine Tool Technology, 
Tri-County Technical College 

Joe Stearns, Mathematics Instructor, Tri-County Technical College 



TABLE OF CONTENTS 



Introduction 1 

How to Use this Module 2 

Examining the Career Field 3 

Machine Tool Technology 3 

Duties of Technicians 3 

Working Conditions 4 

High School Preparation 4 

Special Opportunities 5 

Postsecondary Educational Opportunities 6 

Earnings and Advancements 7 

Er/iployment Outlook 7 

About Michelin Tire Corporation 8 

Introducing the Lesson 9 

Introduction to the Task 10 

Sample Problem 11 

Related Problems 14 

Answer Key... 19 



Appendix A 
Appendix B 



ERIC 



INTRODUCTION 



The workplace of tomorrow will require a skills level beyond the twelfth grade. 
Technological advances have necessitated higher levels of mathematical skills for 
employees to function efficiently in the workplace. Many employers need workers who 
can think creatively and use a variety of approaches to problem solving. 

Because of the higher levels of mathematical skills needed to succeed in the workplace, 
now more than ever, there needs to be greater relevance between what is taught in the 
classroom and what transpires in the real world on a daily basis. Teaching skills in an 
isolated setting does little to motivate many students to take their academic studies 
seriously. 

When information is presented in an isolated setting, students who are unable to see a 
connection between what is taught in the classroom and real-world applications may 
become disinterested in the subject. Consequently, students perceive no need to apply 
themselves to their studies and may not take courses which challenge them as learners. 

Examples from real-life settings often help students better understand the need to study 
and learn mathematical skills taught in the classroom. Real-life applications can provide 
the needed relevance to motivate students, not only to apply themselves to their studies, 
but also to take the highest level of mathematics they are capable of handling 
successfully. Mathematics for the Workplace: Applications from Machine Tool 
Technology \s designed to present a real-world context wherein mathematics skills 
(geometry and trigonometry) are used as part of a daily routine. An additional purpose 
is to help students develop the ability to accurately analyze diagrams in order to make 
mathematical computations. 

This module, featuring applications from the Michelin Corporation, is designed for 
inclusion in the Tech Prep curriculum offered at the secondary level. Tech Prep 
programs of study provide students with the opportunity to leam more than just 
academic concepts. These programs combine academic and vocational studies with 
career understanding to give students the opportunity to take full advantage of all 
options available during high school and after graduation. 



HOW TO USE THIS MODULE 



The table of contents lists the sections contained in ihe module. This is a teacher's 
guide, not a packet of materials des -jned entirely to be duplicated and presented to 
students. There are, however, several sections which need to be duplicated and 
given to students so they can complete the assigned tasks. 

Pages 3-8 give students an introduction to the career field of machine tool technology. 
Included in this section is such information as a description of the careers available in 
the field, job-related duties, working conditions, high school preparation and other 
special opportunities. This section also includes some general information about the 
Micheiin Corporation. These pages should be duplicated a nd given to students as 
introductory information. 

Pages 9-13 present a job-related task. In this section, students are given an explanation 
of the task and information to help them understand the need for the task. This section 
also provides teachers with an understanding of the requirements to complete the task. 
This section can be duplicated and given to students as information. 

Pages 74-?8 give RELATED PROBLEMS to be solved by students once the appropriate 
concepts have been covered in class. These pages should be duplicated and given 
to students. 

Pages 19-29 are the answer keys to the RELATED PROBLEMS. 

Appendix A contains sample job ads from local newspapers for industries wishing to 
hire individuals with machining experience. Also Included are questions which can be 
used to create interest in the module. (These questions are designed for general class 
discussion, not an an individual assignment.) 

Appendix B contains career information about machinists, machine operators, and 
mechanical and electronics technicians who are employed by Micheiin. These pages 
can be duplicated and given to students as information. 



Examining The Career Field: Machine Tool Technology 



Machine tool technicians set up, operate and maintain machinery used in the production 
of such items as aircraft, construction equipment, industrial machinery, soft-drink 
containers, durable and nondurable goods and artifical heart valves. Machine tool 
technicians can specialize in related areas. Examples of specialized machine tool 
technicians include the following: 

• machinists who produce metal goods that are made in numbers too small to 
produce with automated machinery; 

• maintenance mechanics who trouble-shoot mechanical, pneumatic or hydraulic 
problems on production machines and assembly-line equipment in order to make 
repairs; 

• numerical control machine tool operators who set up and operate multi- 
purpose numerical control machines to perform a wide array of machining 
operations; 

• tool and die makers who fabricate simple and complex machine tools, as well 
as jigs, fixtures, and precision gauges; and 

• set-up technicians who set up, maintain and perform minor repair of production 
machinery and assembly lines in order to produce a quality product. 

Other areas of specialization may include robotics, laser cutting machines, 
electro-chemical machines, and injection molding (plastics) machines. 



Duties of Technicians 

The range of duties performed by machine tool technicians may vary depending upon 
the specialty area in which they work. However, general duties pertormed by all 
technicians include 

• analyzing blueprints, schematic drawings and other specification sheets to 
determine required procedures and materials; 

• verifying dimension, precision, and conformity of final products; 

• monitoring machines to ensure that the rate of feed and speed and amount of 
lubricant and coolant are properly maintained; and 

• measuring, marking and positioning the stock (metal or other material) on the 
machine tool. 



Working Conditions 



Most technicians work in shops or industries that are well-lighted and ventilated. 
Because of hazards within the work area, technicians must wear safety glasses and 
earplugs. Machining work requires stamina because operators are on their feet for 
most of the work day. 

Most machining technicians work a 40-hour week. Technicians may work one of three 
shifts-day, evening or night. Overtime work may be required during periods of high 
manufacturing activities. 

Highi Sctiool Preparation 

In order to be best prepared for a program of studies in machine tool technology, 
students in high school should take courses including algebra, geometry, physics for 
the technolpgies, industrial technology, computer science and trigonometry. 
Occupational related courses such as blueprint reading, mechanical drawing and 
machine tool operations will provide a base of technical skills for persons entering 
technician careers. 

Students who take machine tool operations (machine shop) courses in high school may 
qualify for advanced placement at a technical college. Technical Advanced 
Placement (TAP) is a special part of the Tech Prep program which enables qualified 
high school students to earn Tri-County Technical College credit. [TAP is the term 
applied to advanced placement at Tri-County Technical College; other local tvo-year 
colleges have a similar version of TAP.] 

The purpose of TAP is to 

-reduce overlapping between high school and college programs; and 
-enable students who do well in high school/career center courses to save time, 
money and/or to carry lighter course loads in their first term of studies at 
Tri-County Technical College. 

Students who are interested in learning more about TAP opportunities at Tri-County 
Technical College or similar programs offered through other area technical colleges 
should contact their high school or career center counselor. 



Special Opportunities 



Students wishing to gain experience in the machining industry while enrolled in high 
school can often do s."^ through cooperative (co-op) educational programs. Co-op is a 
program that provides students with an opportunity to integrate classroom study with 
planned and supervised work experience. This experience allows the student to learn 
skills in the classroom and laboratory and then put those skills into practice on the job 
with a sponsoring company. In a co-op program, the sponsoring company usually 
provides approximately 20 hours per week of relevant work experience for the student. 
The student also attends regularly scheduled, curriculum-related classes. 

Another opportunity whereby individuals can gain work-related experience while en- 
rolled in postsecondary educational studies is through apprenticeship programs. In 
apprenticeship programs, students usually work from 17-25 hours per week while 
completing coursework toward an associate degree. The industry sponsoring the 
apprenticeship program usually pays the total costs associated with earning the degree. 

Two special opportunities in Anderson, Oconee and Pickens counties which allow 
participants to gain experience while enrolled in postsecondary educational programs 
are the Bosch Apprenticeship Program and the Oconee Industries Partnership Program. 
A brief explanation of each program follows. 

Bosch Apprenticeship Program 

The Bosch Apprenticeship Program, a three-year apprentice program, provides training 
for machine tool technology areas such as toolmaker, maintenance mechanic and set- 
up technician. During the first two years of the program, training hours are divided 
among the classroom, lab, and apprentice shop. Upon successful completion of the 
second year, students receive an Associate in industrial Technology degree from Tri- 
County Technical College. During the third year, apprentices receive specialized class- 
room, lab, shop and on-the-job training. Upon successful completion of the third year, 
students graduate from the program as journeymen craftsmen. 

Oconee Industries Partnership Program 

The Oconee Industries Partnership Program is designed to attract qualified applicants 
into one of the largest growing areas in Oconee County-metalworking. The two-year 
program involves training hours divided among classroom, lab and on-the-job work 
experience. Upon successful completion of the program, students receive an Associate 
in Industrial Technology degree, with a major in Machine Tool Technology, from Tri- 
County Technical College. Students attend classes and lab at Tri-County Technical 
College during the morning hours and work on site with the sponsoring company during 
the afternoon. This program is open to any qualified student in Anderson, Oconee and 
Pickens counties as well as Georgia and other neighboring areas. 



Postsecondary Educational Opportunities 



Most empioyers prefer to hire technicians with technical training or college courses. 
Some positions may require specialized or on-the-job training. 

Machine Tool Technology programs are offered at the following area two-year colleges. 
If you would like additional information about the Machine Tool Technology program at 
one of these colleges, you should contact the person listed under each college. 



Greenville Technical College 
Charles G. Wilson 
Department Head 
Machine Tool Technology 
P. 0. Box 5616 
Station B 

Greenville, SC 29606-5616 
803-250-8109 



Spartanburg Technical College 
Charles W. Shaw 
Department Head 
Machine Tool Technology 
P. 0. Drawer 4386 
Spartanburg, SC 29305 
803-591-3600 



Piedmont Technical College 
Michael Reid 
Department Head 
Engineering Technologies 
P. 0. Drawer 1467 
Greenwood, SC 29648-1467 
1-800-868-5528 



Tri-County Technical College 
Curt McKinney 
Department Head 
Machine Tool Technology 
P. 0. Box 587 
Pendleton, SC 29670 
803-646-8361, ext. 2272 



Earnings and Advancements 



In South Carolina during 1989-90, machine tool technicians earned between $13,957 and 
$36,504, depending upon the type of specialty area they were employed in. Computer 
numeric control tool operators earned between $14,851 and $26,354; machinists earned 
between $1 3,957 and $38,504; tool and die makers earned between $20,613 and 
$30,160. Graduates of Tri-County Technical College's Machine Tool 
Technology program in 1990 reported salaries ranging from $14,000 to $30,000. 
Additional income can be earned through overtime hours. 

Technicians advance as they gain on-the-job experience and additional specialized 
training. Some move into supervisory and administrative positions within their firms 
while others may open their own machining shops. 



Employment Outlook 

Over ail, the employment outlook for machine tool technicians calls for an increase in the 
job opporotunities to the year 2000. All areas of specialization should see a growth in 
the number of workers. The growth in some areas of specialization will increase faster 
than other areas. 

Advancements in equipment and automation within the workplace may require many 
technicians to gain a much broader background in machine operations, blueprint 
reading, mathematics and the properties of metals and plastics. 



ABOUT MICHELIN TIRE CORPORATION 



Michelin, an international group of corporations, is more than just another tire company. 
Worldwide, Michelin employs more than 100,000 people. The company is dedicated to 
the disciplines of science and research, manufacturing and marketing. 

Michelin peopio are not driven by the clock, or by the watchful eye of a supervisor, but 
by their own sense of achievement. Employees are encouraged to follow their interests 
into other fields. At Michelin, personal development is considered to be in the long-term 
interest of the individual as well as the corporation. 

But what does Michelin look for in employees? Michelin looks for people who want to 
create their careers with the company. The company is committed to building careers 
and developing people according to their skills and interests. 

Michelin has over 54 manufacturing locations in Canada, Europe, the Far East, South 
America and the United States. Because Michelin is international in scope, the possi- 
bilities of lifestyles are limitless: from the adventure of a metropolitan city to the family 
life of a close-knit community. In the United States, three of the four Michelin plants are 
located in South Carolina, with all three plants located in upstate counties: Anderson, 
Greenville and Spartanburg. 

Personnel from the Michelin plant located in Sandy Springs, South Carolina were very 
instrumental in the development of this module. The commitment which Michelin has 
to educating its present and future workforce is shown by its willingness to share ex- 
amples of how mathematical skills are used at the plant. 



INTRODUCING THE LESSON 



One suggestion for introducing this rwOduie would be to invite a machine tool technician 
to cone and speak to the class. (The Guide to Area Business Speakers , published by 
the PACE consortium, is an excellent source for identifying speakers.) By listening to a 
machine tool technician, students gain first- hand knowledge about the characteristics of 
the workplace, job duties and requirements and other job-relateo specifics. (NOTE: 
Since this module uses applications from Michelin, the teacher might want to make an 
initial contact with Michelin about inviting a speaker. At Michelin, contact Mr. Grover 
Stewart at 260-2651.) 

Aft€f the technician has ypoken to the class, the job ads and questions in Appendix A 
can be used to generate discussion about machine tool technicians and requirements 
for the career. Students can be given the sample problem to work as a class assign- 
ment. After seeing an example of a problem to be solved by a technician, the Related 
Problems can be assigned as homework or as additional problems during the class. 

The Related Problems are diagrams which require technicians to compute a missing 
dimension. These diagrams should be given to students to complete. A suggested 
activity for completing the exercises is to have students work together as a team. This 
activity will give students the opportunity to build team-working/communication skills as 
well as learning the mathematical concepts. 

Additional activities that can be conducted may include a field trip to the local technical 
college or career center to visit machine tool technology programs; viewing career 
videos about machining (the PACE Office has several videos which can be loaned to 
teachers; call the office at 646-8361 . 225-2250.. 882-4412 or 859-7033, ext. 2107 to 
check out the videos) or conducting cooperative projects or joint lab activities with an 
occupational class. 



INTRODUCTION TO THE TASK 



One task of a machine tool technician is to fabricate machines or parts of machines to 
be used in the manufacturing process within industry. The piece to be produced may 
be a replacement for a part that has been broken during the manufacturing process. 
Oftentimes when parts break, a critical dimension may be missing. The technician may 
have to use the blueprint to determine the missing dimension. 

Sometimes the blueprint will not have all the dimensions of the various components 
indicated on the drawing. If any dimensions are missing, the technician will have to 
calculate the missing dimensions before producing the part. 

On the next page is a cross-sectional drawing of a large cylinder containing four smaller 
cylinders inside. If one of the smallest cylinders becomes worn and must be replaced, 
the technician may have to use the blueprint drawing to determine the diameter of the 
cylinder. Using the information given, calculate the diameter of the smallest cylinder. 



If 
in 



NAME: 



DATE: 




The diameter of the large containment cylinder is 30. The diameter of the middle-sized 
cylinder is 1 5. What is the diameter of the smalisst cylinder? (Not drawn to scale.) 
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In order to compute the diameter of the smallest cylinder, basic geometry concepts and 
the Pythagorean theorem must be used. 

From the information given, we see that the radius of the containment cylinder is 15, the 
radius of the middle-sized cylinder is 7.5, and the radius of tha smallest cylinder is Y. 
(Remember Diameter = 2 X Radius) 

We can construct .a right triangle in the center of the containment cylinder using the 
above information. We can then calculate the length of each side of the triangle using 
the Pythagorean Theorem. (See Diagram Below.) 
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The length of the hypotenuse is the sum of the radius of the middle-sized cylinder, 15, 
and the radius of the smallest cylinder or 

length of the hypotenuse = 7.5 + r. 

The length of the short leg of the triangle is the same as the length of the radius of the 
middle-sized cylinder or 7.5. 

The length of the longer leg of the triangle is the radius of the containment cylinder, 15. 
minus the radius of the smallest cylinder, Y, or 

length of the longer leg = 15 - r. 

Since we have a right triangle, the Pythagorean theorem can be used to compute Y. 

Using the Pythagorean theorem gives (7.5 + r)^ = (15 - r) ^ + (7.5)2. 

Squaring both sides of the equation gives 56.25 + 1 5r + r ^ = 225 - 30r + r^ + 56.25. 

Simplifying the right side gives 56.25 + 1 5r + r ^ = 281 .25 - 30r + r ^. 

Combining likes terms gives 45r = 225. 

Solving for r gives r = 5. 

The radius of the smallest cylinder is 5. The diameter is two times the radius or 10. 
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RELATED PROBLEM I 




RELATED PROBUEM 2 




RELATED PROBLEM 3 




RELATED raOBLBM 4 




ANSWER KEY 
RELATED PROBLEM 1 

In order to determine the diameter of each pin. a right triangle must be constructed. 
(See Diagram Below). 




110 



From the information given, we can conclude that the distance from point B to point C 
is one-half of 80 or 40. Therefore, the length of side BC is 40. 

The distance from point B, through point A, to the top of the circle is one-half of 1 10 
or 55. The radius of the pins is 'r\ The distance from point B to point A is 55 - r. 
Therefore, the length of side AB is 55-r. 

The distance from point A to point C is the sum of the radius for each circle or 2r. 
By using the Pythagorean Theorem, we can set up an equation and solve for 'r\ 
Substituting into the Pythagorean Theorem we get {2rf = (40)^ + . 
Squaring both sides we get 4i^ = 1600 + 3025 - llOr + . 

Combining like terms gives 4r^ = 4625 -llOr + r^. 

Setting the equation equal zero gives 3r^ + llOr - 4625 = 0. 
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Solving the equation can be accomplished using the quadratic formula or factoring. 
QUADRATIC FORMULA 



-bANlb2-4ac; a = 3; b = 110; c = -4625 



2a 

•110.±vl 110^ -4X3X-4625 
2x3 



110 A \ 12100+ 55500 



-110+ nI 67600 



-110 ± 260 
6 

-110+ 260 -110 - 260 

6 6 

= 25 i22£l = -61.667 

6 6 

The only valid answer for the radius is 25. Therefore the diameter is 50. 

FACTORING 

3r« + llOr - 4625 = 0 
(3r+185)(r-25) = 0 
3r + 185 = 0 r-25 = 0 
3r = -185 r = 25 

r = -61 .667 

The only valid answer for the radius is 25. Therefore, the diameter is 50. 
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ANSWER KEY 
RELATED PROBLEM 2 



In order to compute the length of the belt, the problem must be broken into two parts: 
computing the linear length between the roller and then computing the length of portion 
around the rollers. 

The length of the linear portion is 2 x 70" or 1 40". 

The length of the portion around the rollers is found by computing the circumference of 
one of the rollers. (The portion around the rollers would be one-half of the 
circumference of both rollers or just the circumference of one roller.) 

The fomriula for circumference of a circle is ' j ] " x D. 

Substituting into the formula we get 

3.1 4 X 5" or 1 5.7^ as the length of the circular portion. 

The length of the belt is the sum of the length of the linear portion (140") plus the length 
of the circular portion (1 5.7") or 1 55.7". 
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ANSWER KEY 
RELATED PROBLEM 3 



By drawing a perpendicular line joining the sides of Angle X and labeling the angles as 
A, B, and C, we can form a right triangle. (See Diagram Below.) 





i — — ► 




122 




A 


^ 24 

100 






< ^, ► 



76 



We know that Angle X and Angle A are the same measure. Therefore, by determining 
the measure of Angle A, we will know the measure of Angle X. 

The tangent of Angle A is defined as the side opposite Angle A divided by the side 
adjacent to angle A or 

TAN A = BC 
AB. 

The length of BC is 1 22 - 22 - 24 or 76. 

The length of AB is 191 - (128 - 37) or 100. 

Substituting into the formula we get 

TAN A = = ZS_ or .76. 
AB ICQ 

Using the inverse tangent function of a scientific calculator, we find the measure of 
Angle A as 37° 14' or 

TANM-76) = 37.235° = 37° 14'. 

if students do not have access to a scientifc calculator, th? interpolation process must 
be used to compute TAN A to the nearest min'jte. 
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Using a table of trig functions, we find the angle with a tangent of .76 lies between 37° 
10* (tangent of .7581) and 37° 20' (tangent of .7627). 



Using interpolation we get 
-37° 10' 



37° 20" 



10' 



.0019 



.7581 



.7600 



.7627 



.0046 



Setting up a proportion we get 



10 



■0019 
.0046. 



Cross multiplication gives 



.0046X = .019. 



Solving for X gives x = .019 or x = 4. 

.0046 



Therefore, the nseasure of Angle A, to the nearest minute, is 37° 14', 



ANSWER KEY 
RELATED PROBLEM 4 



By extending the radius of circle B and then drawing a line from the center of circle A 
perpendicular to the extended radius of circle B, a right triangle is formed. The angles 
of the triangle can be labeled A, B and C. (See Diagram Below.) 



4 

4- 



31 



101 



Angle W 




> 



75 



> 



By recalling rules regarding parallel lines cut by a transversal, we can determine that 
Angle W is equal to Angle B. Therefore, by computing the measure of Angle B we wil 
know the measure of angle W. 

The tangent of Angle B is defined as side opposite divided by side adjacent or 
TAN B = AC 
BC. 

The length of BC is 1 01 - 75 or 26. The length of AC is 44. Substituting into the 
formula we get 

TAN B = _44 or TAN B = 1 .692. 

26 

Using the inverse tangent function of a scientific calculator, we find the measure of 
Angle B as 59° 25' or 

B = TAN ^1 -692) = 59.421° = 59° 25". 
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Using a table of trig functions, we find the angle with a tangent of 1 .692 lies between 
59*> 20* and (tangent of 1 .686) and 59° 30' (tangent of 1 .698). 



Using Interpolation we get 
— 59° 20'- 



10' 



B- 



.59° 30' 



.006 



1.686 



-1 .692 



1.698 



.012 



Setting up a proportion we get 

= .006 
10 .012. 

Cross multiplication gives 



.012x = .06. 



Solving for x gives x = .06 or x = 5. 

.012 



Therefore, the measure of Angle B to the nearest minute is 59° 25'. 




ANSWER KEY 
RELATED PROBLEM 5 



Computing the radius of the large circle will require drawing a triangle using the centers 
of the large circle and two of the smaller circles as vertices. Once the large triangle has 
been drawn, a smaller, right triangle can be drawn by picking a point perpendicular to 
point B and parallel to point C and drawing a segment. . (See Diagram Below.) 




After constructing the two triangles, it can be seen that in order to determine the length 
'R', we must know the length of segment AC and the length of the radius of the smaller 
circle. The length of the radius of the smaller circle is 10. (The diameter of the smaller 
circle, 20, was given in the original problem.) In order to compute the length of AC, we 
must first determine the length of side DC and the measure of Angle A. Once these 
measures are known, trigonometric ratios can be used to compute the length of AC. 

By examining the smaller triangle, we see that the length of BC is 20, or twice the radius 
of the smaller circle. 

The distance from point D through point C to the outside of the pin is 29 (one-half of 58.) 
(A diameter that is perpendicular to a chord bisects the chord.) Since the radius of the 
smaller circle is 10, the length of DC is 29 - 10 or 19. 
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Now that we know the lengths of BC and DC, we can use trigonometric ratios to com- 
pute the measure of Angle B. 

SIN B = opposite or _19_ or .95. 
hypotenuse 20 

Using the inverse sine function of a scientific calculator, we find that the measure of 
Angle Bis 71° 48' or 

B = SIN -^ (.95) = 71.805° = 71° 48'. 

However, if students do not have access to a scientific calculator, the interpolation 
process can be used to compute SIN B to the nearest minute. 

Using a table of trig functions, we find that the angle with a sine of .95 lies between 
71° 41' (sine of .9492) and 71°50' (sine of .9502). 



Using interpolation we get 

-71° 40'- 



10' 



B. 



•71° 50' 



.001 



.9492 



.9500 



.0008 



.9502 



Setting up a proportion we get 

.0008 



X = 
10 

Cross multiplication gives 



.001. 



.001 X = .008. 



Solving for x gives x = .008 or x = 8. 

.001 



Therefore, the measure of Angle B, to the nearest minute, is 71° 48'. 




Triangle ADC is a right triangle. If we know the measure of one angle and the length of 
one Gide, we can compute any missing side or angle. 

If we look closely at Triangle ABC, we can see that it is an isosceles triangle. There- 
fore, the measure of Angle C is the same as the measure of Angle B or 71° 48'. The 
measure of Angle A is 180° minus the sum of Angles B and C or 

Angle A = 180° -(71° 48' + 71° 48') 
= 180° -143° 36' 
= 36° 24'. 

From the previous calculation, we know the length of DC is 19. Since we know the 
measure of Angle A (36° 24') and the length of DC (19), we can use the sine function to 
compute the length of side AC. 

SIN A = JDC. 

AC 

SIN 36° 24' = _19_ 
AC 

.5934 = 19 
AC 

Solving for AC gives .5934 x AC = 19. 

AC = 19 
.5934 

AC = 32.019. 

Since radius 'R' is the sum of AC (32.019) and the length of a radius of a smaller circle 
(10), the length of radius 'R' Is 42.019. 
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Computing the Sine of 36p 24'. 

If students do not have access to a scientific calculator, the interpolation process must 
be used to compute the sine of Angle A. 

An angle with a measure of 36° 24' lies between 36° 20' (sine of .5925) and 36° 30' (sine 
of .5948). 

Using interpolation we get 




.0023 



Setting up a proportion we get 



4_ 
10 



.0023. 



X 



Cross multiplication gives 



lOx = .0092 



Solving for x gives 



X = .0092 



or X .0009. 



10 



Therefore, the sine of an angle measuring 36° 24' is .5934. 
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Appendix A 



SAMPLE JOB ADS 



Careers For Machinists 

And MaMne Operators 

'I'll I I I I I I 1 1 1 I I I 



Michelin Tire Corporolion's opportunilies offer supf»rior odvOn- 
toges lo people who woni lo use their tolenis ond get oheod Our 
sophislicoled monufocturmg opprotion provides Itomendous 
chollenge ond mony benefus 

MACHINISTS 

Appliconts should hove of lf»ost ? yeors experience os o mochinisi 
or troining in the mililory or ol o technicol school. Sound knowl- 
edge of mochming technology proctices is required o«; well os 
fhe obtlity to reod blueprints ond use moth from bosic onthmetic 
through olgebro ond lrigOnome»ry 

Assignment Jo the Centrol Mochming Group Involves ihe s*»J-up 
ond operotiOn of loih^s ono mills in o [Ob shop environmeni 
Applying blueprint onolysis skills ond moth skills, Michelin 
mochinists produce high quolity parts mode to precise toleronces 
with minimol supervision. 

MACHINE OPERATORS 

Appliconts should hove ot leosi ? yeors experience os o mochine 
operotor or troining m ihe military or ot o lech ircol school 
Generol knowledge of mochmmg technology/prodices is re 
quired OS well os the obihty to reod blueprints ond opply bosic 
ond intermediote moth 

Assignment to the Production AAnrhining Group involves *he set- 
up Ond operolion of morhine*; to produce lorge quontities of 
similor ports Mochinists in thf* production group ol Michelin 
utili7*> molh shlU. blueprint onolysts skills ond sound mochine 
shop prociices to rnontjfocturp pr»artsion pxarls ot on Oxlremely 
effic«er>t fotp 



Apply in ronfider^e by sending your resume ond salory history 
to: Joe Asftworth. Dept. SPOT-27, MleK«tln Ttr<» 
Corporation. P.O. Box 2846. Gre«nv,^ SC 
29602. An equol opportunity * plnyor 
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Machinist 

Seabrook, Division of Draper Corp.. has Immediate 
openings in the following production areas: 

Mills 

Drills 

Lathes 

CNC Machining Centers 

Screw Machines 

Grinders 

Previous experience and the ability to re ad blueprints 
arxJ micrometers required. 
Seabrook Is an equal opportunity employer with a 
competitive wage and benefit package including: 

Medical 
Life & Disability Insurance 

401 K Retirement Plan 
Paid Holidays and Vacation 
Uniforms Furnished 
Educational Aid 
Payroll Savings & Credit Union 

Interested persons should apply between 8:00am 
and 4:30pm Monday Thursday. 

Seabrook 

Hwy. 29 Nortli 
Anderson, SC 29622 



MACHINE OPERATORS 

nc«tf S Mochint Tool Operators to 
do MI-UPS. rtod m ttfionjgo t draw- 

tA95< n^(CfO(T>ftff % IfKfCpttt 90U9tl 
ond fomllter w)th m«frlct. Must be 
fitxibit ond oWt to work oil thrt« 
shifts. AIM. nt«d 4 Mining Mo* 
cnint OPtffltors witti convtntlonol 
kntc 1^ cetumn experience. Isl 
ihlfl. 

Excelltflt frlPM bentflts ond pov. 
rmi Mnnwvwer for oppi. H?-2*75 



CNC MACHINIST 

A choltcnolnp ond revwordlng potl- 
tlon Is now open for o hIaMv nwll- 
voted indlvWuQi with excepilonol 
monufocturino oWfttles Mlnln>um 
requirements Include o J-veor de- 
gree ond ol (eosl two veon of mo- 
chine shoo experlgnce Including 
precl-Jlon tooMng ond CNC pro- 
BronHT)lng. Doty Scientific ts o 
high-tech nwnufochxlng ond R&O 
componv on the nor1t>eost tide of 
Columbki with on outslonding 
elght-veor trowth record. Compet- 
itive sotrv ond benefits commensu- 
rote with ob(lltH» ond experience. 
Send resume ond trontcrlpts to: 
Debro Chomberi, Ootv Scientific 
Inc ... fOO i Ciemvtn pd . Cotumbio. 



MACHINIST 
ProWype Shop wiR po)r up to 
$14/hr. (or top mocninriH wHh 
$ted*to-finlA copoMfhw hoWihg 
d«e toleronces. CNC ood Mo- 
chine Opefotofi need nd opp^y* 
fdid imurm. ¥DCQtion i hoTh 
CoH I4S-35W fef ir#wv?ew 
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WABCO 



JOURNEYMAN 
TOa&DCTECHNKlAN 



5 - 7 veors expef ience »n monuot & 
CNC ofKKhlne tools could lond you 
this lob OS o Journevmon Tool & 
Ole tecttnlcfon with this progres- 
sive state of the orl monufocturino 
componv. 

This position reoulres experience 
in !c9l It cutter grinding, program- 
mtna« os welt ot knowledge of mo 
chining procttcts ond technioues. 
Must be knowitdgeoble in proper- 
ties of vorlous motef *ols ond hove 
the obiitltv »o modify ond oiter tool 
destgni^ construct toots, ilgs. fix- 
hjrei. interpret port drowtngs. tool 
prints ond sketchet. ond work to 
close toleronces ixm). Must be 
wllllno to worko and shiH schedule 
(4-tOhourworkdovsl. 

WABCO optrotes o 4 veor old mon- 
ufocturlng heodouorters focillty m 
Sportonburfli, SC. A progressive 
empiovee relotlons environment 
Includes o highly portictpotlve 
monogement phikrsophv. on otl- 
solorled «ruch»re ond fiexUme. 
This so':d fast moving orgonlzo- 
tlon p^^ovfdes ctwifenge. recogni- 
tion ond opportunity for hightv 
rr<otlvofcd people. 

Send resunw including soiary tiis- 
torv ond requirements to : 



WABCO 
P.O. BOX 11 
SPARTANW(IG,$C 29304 
AKn: Gmptoyits telotiom Mgr. 



STONE SAFETY CORPORA- 
TION, on equal opportunlly em- 
P over Is pre»enllv seeking on indt- 
vlduot ta fill the posuion of : 

FABWCATOR 

The successful condidote mutt be 
fominar w/oM otmes of fobrico- 
tlon. hove the oblllty to heod I. 
work from blueprints 4 shetchH. 
OS well OS use alt fobrkotioneoulp- 
meni. Lathe t generol mochlning 
exp required- High School educo- 
tlon or GEO reou'd. Technicol 
school preferred. 4-i yrs. cxp. 

Stone Sofetv povs competlllve sol- 
orv w/exc. benefits. Please submit 
resume to: 

STONE Safety CORP. 

in Soulhchoie Btvd. 
Fountain inn, $C?fW4 
AHn- Humnn Rev)urce^ 



MKHANICAL 
SET UP TECHNICIAN 

*Two veor Mecttanicot Degree 
Plus Iwo (2) veors related mo- 
chine repair experience or four 
<4) years related experience. 

'Experience In ceromic produc 
tlon 0 Plus. 

•Oemonitraied leoderjhtp experi- 
ence deoling with ossoclates. 

•Experience In blueprints, met- 
rics, hvdroullcs/pneumotic*. 
meosurtng techniques ood SPC o 
must. 

•WliMng to train In Germonv. 
•Gernxm Longuoge skills o Plus. 
'Printing experience a plus. 
Send resume to 

Human Resources 
ROBERT eoSCH CORP. 
PO 8ax ntsl 
Anderson, SC m7l 
EOE M/P 



SUPERVISING TOOUAAKR 

Progressive, smott co. In western 
NC requires a Supervising Tool- 
maker ta slori Immediately. Can- 
didate must t)Ove format training 
h 5 10 yrs. exp. In mold making. 
Co. offers too poy & benefits In a 
modern, air conditioned focltlly 
CNC exP. helpful bul will train. 
I Send resume la Box K-H, News 
Piedmont. Greenville. SC ?*60? 



MACHIHiSTS 
MECHANICS 

BIC Corporation, a leading man- 
ufacturer of consumer disposable 
products (writing Instruments, 
lighters, shavers) has established 
a manufacturing facility in the 
greyer SPARTANBURG area and 
has immediate needs for MACHI- 
NIST/MECHANICS to loin its op- 
eration. 



Preferred applicants will have a 
Machinists Technical School Di- 
ploma (trade or military equiva> 
lent) plus 2-5 years experience In 
a manufacturir)g environment. 

The Individuals selected for this 
will be required to maintain and 
repair high speed automated ma> 
chinery, fabricate replacement 
parts to print specifications and 
t>e able to read electrical sche- 
matics in a 3-Shlft operation. 

Company offers excellent salary, 
benefits package^ and working 
conditions. Apply In person or 
send resume to: 

BIC CORPORATION 

104 HIDDEN LAKE CIRCLE 
DUNCAN, SC 29334 

J An Equol Ofiportunity Empioytr M/P 

i 
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QUESTIONS FOR USE WITH THE SAMPLE JOB ADS 

1 . What types of educational backgrounds are required for machine tool technicians? 

2. What types ^ math skills are required in the jobs? 

3. In the WABCO advertisement, what is meant by "close tolerances (.0002)?" 

4. Do any of the advertisements offer opportunities for travel? If so, where to? 

5. What types of work schedules are available? What are some fringe benefits 
offered? 

6. What is the yearly salary for the "Machinist" position? (To convert hourly salary to 
yearly salary, multiply the hourly salary by 2080. 2063 is 40 hours per week times 52 
weeks per year.) 

7. What types of job duties do machine tool technicians perform? 

8. What aspects of a machine tool technology career might interest you? Why? 
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Mtuhiiiists 
And 

Macliine 
Opciiiloi^s 



IVIactiinlsls 
Qualifications: 

Applicants sliouici ha\c al Irasl luo 
years' experience as a machinist or training 
in the miiilary or al a leclinical scIkk)!, 

Sound knowledge of maciiining 
technology/practices is requiR^d as well as 
the ability to I'cad blueprints and use math 
from basic arithmetic through algebra and 
trigonometry 

Applicants should show a desiit* to 
sharpen tlieir skills in the machining fic^ld 
and learn new skills ihmiigh Michelin Irain- 
ing programs, 

IVIichelin Careers 
In the Central Machining Croup: 

ASvSignment to the Central Group 
involves the siet-up and operation of lathes 
and mills in a job shop environment. Apply- 
ing blueprint analysis skills and matfi skills. 
Michelin machinists produce high quality 
parts made to piwise tolerances with 
minimal supervision. 

Machine Operalors 

Oualiilcations: 

Applic<^nlvS should have at least 
two N'cars' exp(Ti(Mice as a maciiine operator 
or training in the military or at a technical 
school, 

(](Mieral knowledge of machining 
technology /practices is rtxjuiivd as well as 
the ability to \v/<\6 blueprints and apply basic 
and intermediate math. 

Applicants should show a desire to 
sharpen their skills in the machining field 
and learn new skills through Michelin 
training. 

Michelin C^areers 
In the Production Machining Croup: 

Assignment to the I'lXKUidion Gnnip 
ln\(>, es the set-up and operation of one 
machine to prcxiuce large quantities of 
similar parLs, Machinists in the production 
group at Michelin utilize math skills. bUu*- 
print analysis skills and sound machine 
shop practices to manufacture pivcision 
parts at an extremely efficient rate. 
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PUniNG CAREERS IN MOTION 




Mechanical 
And 

Electronic 
Itchnicians 
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Michelin offers challenging 
opporlunilies for induslrial lechnicinns 
with backgrounds in either mechanics or 
electronics. These career op|X)rlunilies 
are available to individuals who obtained 
their trade tlirough two to Ihree years 
of related industrial experience, comple* 
mented with training in the military or 
a vocational/technical sdiool. 

Mechanical Ttchnicians must 
know the theory behind current uiechan- 
ical technology and be able to read and 
use blueprintvS. as well as deinonslrale 
proficiency In the use of math applied 
to practical situations. Electronics 
Technicians musl also possess sound 
applied math skills and know the theory 
behind current electrical/electronic 
technology The ability to read and inter- 
pret schematic diagrams is imperative. 

Michelin is interested in individ- 
uals who want to develop current skills 
and broaden their knowledge through 
company-sponsored Irainifig [Fograms. 

Process Control 
IVIaintcnance Group 

Mechanical technicians install, 
modify repair and maintain sopliisti(7!led 
process machinery that uses the lalcsl 
control systems coupled with complex 
mechanical movements. On the job expe- 
rience, along with Michelin formal train- 
ing in hydraulics, pneumatics, electrical 
and (Electronics will enat)le the individual 
to perform total systems maintenance. 

f^leclronics technicians, depend- 
ing on job assignment, may perform total 
systems maintenance or electronic/ekr* 
trical maintenance. On the iob experience, 
coupled with Michelin formal training, 
will enable the individual to perform and 
{)rogress in either maintenance capacity 



PUniNG CAREERS IN MOTION: 




